Introduction
============

Soft tissue sarcoma (STS) is a heterogeneous group of malignant tumors of mesodermal origin that constitute \< 1% of all malignant tumors \[[@b1-crt-2014-047]\]. STS is deadly, which accounts for more deaths than testicular cancer, Hodgkin's disease, and thyroid cancer combined \[[@b2-crt-2014-047],[@b3-crt-2014-047]\]. A better understanding of the incidence and treatment patterns of STS is necessary to assess the impact of STS on public health. Due to its rarity, even specialized sarcoma centers only see a relatively small number of patients with STS. Thus, a large population-based study would be helpful to assess its incidence and treatment pattern.

A few population-based studies on STS have been published, reporting the incidences \<to be\> between 1.8 and 5.0 cases per 100,000 people per year \[[@b4-crt-2014-047]-[@b9-crt-2014-047]\]. However, these studies were based on Western populations and focused on the incidence of STS. Moreover, these studies typically included STS of all anatomical sites, whereas the treatment and prognoses of STS differ according to the anatomical location (e.g., head and neck, viscera, retroperitoneum, and extremity) \[[@b10-crt-2014-047]\]. Thus, a large population-based study on the incidence and treatment patterns of extremity STS in Korea is needed.

South Korea operates two mandatory nationwide databases for medical records that cover \<almost\> the entire population. These are the Korea National Cancer Incidence (KNCI) database from the Korean Central Cancer Registry (KCCR) and the Korean Health Insurance Review and Assessment Service (HIRA) database from HIRA. The KNCI database has covered the whole population under the Population-based Regional Cancer Registry Program since 1999, and it has high diagnostic accuracy but lacks treatment information \[[@b11-crt-2014-047]\]. Conversely, the HIRA database includes the health insurance claim records under the Korean National Health Insurance Program, and thus provides detailed information on patient treatment, but has less diagnostic accuracy \[[@b12-crt-2014-047],[@b13-crt-2014-047]\].

In this study, we combined and utilized the KNCI and HIRA databases to estimate the nationwide incidence and treatment pattern of extremity STS in the Korean population.

Materials and Methods
=====================

1. Data sources
---------------

KCCR, initiated as a nationwide hospital-based cancer registry by the Ministry of Health and Welfare in 1980, was expanded in 1999 to cover the entire population under the Population-based Regional Cancer Registry Program. Since 2002, KCCR has constructed KNCI, a nationwide cancer registry database, and presented the annual incidence of cancer based on the whole Korean population \[[@b11-crt-2014-047]\]. Cancer cases were classified in accordance to the International Classification of Disease for Oncology (ICD-O) third edition \[[@b14-crt-2014-047],[@b15-crt-2014-047]\], and subsequently re-classified according to the 10th revised version of the International Classification of Disease (ICD-10) \[[@b16-crt-2014-047]\].

The Korean National Health Insurance Program covers the entire Korean population (97% of the population have health insurance, and 3% are covered by medical aid). HIRA, operated under the Korean National Health Insurance Program, contains the adjusted medical and pharmacy claims for all Koreans \[[@b12-crt-2014-047],[@b13-crt-2014-047]\], and its database has been used for many epidemiological studies \[[@b17-crt-2014-047]\]. All clinics and hospitals submit claims data for inpatient and outpatient care, including diagnoses, procedures, prescription records, demographic information, and direct medical costs, to HIRA to obtain reimbursement of medical costs from the government. The HIRA database was established based on the sixth edition of the Korean Classification of Disease (KCD-6), which is a modified version of the ICD-10 for the Korean health care system.

For patients with serious diseases or cancer, the Korean government covers most of their medical costs \[[@b12-crt-2014-047]\]. If patients are confirmed to have a malignant disease, they are registered by KCCR and paid only 5% of their total medical costs. The remaining 95% of costs are paid by the National Health Insurance Corporation, and the associated review data are saved in the HIRA database. Thus, virtually all patients with malignant disease are registered by both KCCR and HIRA.

All Korean residents receive a unique identification number (Korean Resident Registration Number, KRRN) at birth, allowing easy identification of every citizen. This is widely used in government-operated databases, including the KNCI and HIRA databases. These databases can therefore be used to obtain the health care records and demographic characteristics of specific patients without any duplications or omissions. Public access to both databases is not allowed; however, access can be granted with permission from the Deliberative Committee if they believe that the requested study will ultimately be for the greater good. After receiving approval for the study from the Deliberative Committee of HIRA and permission to access the requested data from KCCR, the de-identified individual information from the HIRA database were accessed and the total annual incident cases of extremity STS from the KNCI database were obtained. The access to the data was allowed on September 2013 and February 2014 from HIRA and KCCR, respectively. The HIRA provided the data after it had been de-identified. Each de-identified individual's (1) diagnostic code and claim date, and referral level of the hospital where the first confirmed diagnosis of STS was registered and regional distribution of those hospitals; and (2) the procedure code and its claim date. Although each database uses KRRN for data processing, the authors are prohibited to access the identified information. Therefore, informed consent from each patient was not acquired, and the study was exempted by the Seoul National University Hospital Institutional Review Board (IRB No. 1311-054-533) because the authors could access only de-identified data.

2. Study population
-------------------

To identify patients with newly diagnosed extremity STS from the KNCI database, the following ICD-10 diagnostic codes were searched: "malignant neoplasm of the peripheral nerves and autonomic nervous system" (ICD-10 diagnostic code: C47.1 for upper extremity and C47.2 for lower extremity) or "malignant neoplasm of other connective and soft tissues" (C49.1 for upper extremity and C49.2 for lower extremity). As a result, Kaposi sarcoma and malignant neoplasms of the skin, such as malignant melanoma, were excluded from this study \[[@b7-crt-2014-047]\]. The most recent data available are for 2011, and thus, we obtained data for cases between 2009 and 2011 from the KNCI database.

To identify patients who were newly diagnosed and treated for extremity STS from the HIRA database, with the following ICD-10 diagnostic codes were searched: C47.1, C47.2, C49.1, and C49.2. Because HIRA only provides data from the previous 5 years―for example if the data were requested in 2013, HIRA would provide data for 2008-2012― we assessed patients with extremity STS in the entire Korean population between 2008 and 2011 from the HIRA database (to match the KNCI database search period). All claims records of outpatient visits or hospital admissions of patients containing "diagnosis of STS" between January 1, 2008 and December 31, 2011 were identified in the database. For cases involving more than one claim record that satisfied the inclusion criteria, only the claim record with the earliest date was counted. There were 3,155 patients, who were initially diagnosed with STS between 2008 and 2011: 1,132 in 2008, 671 in 2009, 685 in 2010, and 667 in 2011.

Orthopedic oncologists in Korea are advised to treat patients in adherence to the National Comprehensive Cancer Network Clinical Practice Guidelines in Oncology (NCCN Guidelines) \[[@b18-crt-2014-047]\]. The NCCN Guidelines for STS recommended that stage I tumors are routinely followed up every 3-6 months for 2-3 years and then annually \<thereafter\>; and stage II, III, or IV disease is followed up every 3-6 months for 2-3 years, then every 6 months for the next 2 years, and then annually \<thereafter\>. Actually, in our clinical experience, most of the follow-up intervals for STS are \< 6-12 months until 5 years of no-evidence-of-disease (NED) status has been achieved, and annually thereafter. Therefore, when we additionally consider that local or distant disease recurrence is very rare after 5 years of NED, it can be assumed that absence of any claims record for the diagnosis or treatment of STS in the previous 12 months represents a new case. We therefore set a 1-year period (i.e., January 1 to December 31, 2008) as a "window period," and patients with the first claim record in 2008 (n=1,132), which might include patients diagnosed before 2008, were excluded from our study.

In the HIRA database, a reimbursement claim for STS diagnosis is also made when an examination has been performed because STS is suspected, and not definitely diagnosed. The remaining 2,023 cases must involve these patients. Therefore, to determine whether these cases actually involved STS, we additionally investigated whether these patients had undergone any procedure for the treatment of this malignancy. The "procedure for STS" included STS-related surgery (removal of malignant soft tissue tumor \[ICD-10 procedure code: N0232\], limb-salvage procedure for malignant tumor removal \[NA282 for thigh, scapula, and upper arm; NA283 for forearm and lower leg; and NA284 for hand and foot\], and removal of a malignant neurogenic tumor \[S4616\]), a radiotherapy-related procedure (teletherapy \[HD051-056\], rotational irradiation \[HD057-059\], three-dimensional conformal therapy \[HD061\], body stereotactic radiosurgery \[HD111, 112\]), and/or a chemotherapy-related procedure (chemotherapy administration \[KK151-156, 158, KK059\]). Additionally, cases with both a diagnostic code for STS and a procedure code for the removal of a benign soft tissue tumor (N0233, N0234, and S4615), and with a claim date that preceded the earliest claim date for STS diagnosis by \< 6 months and at the same anatomical site, were regarded as involving an unplanned excision, and were included in the analysis. Among the 2,023 patients, who were initially diagnosed with STS between 2009 and 2011, 879 patients had not undergone any treatment for STS, and were also excluded from this study. These 879 patients might include those who were initially suspected to have STS and were subsequently found to not have this malignancy, as well as patients newly diagnosed but not treated. Finally, 1,144 patients with a claims record for both "diagnosis of STS" and "procedure for STS" were included and analyzed. The diagnosis and procedure codes for STS were confirmed by a panel of oncologists specialized in extremity STS (2 orthopedic oncologists, 1 radiation oncologist, and 1 medical oncologist) working in a tertiary hospital in Korea.

3. Data analysis
----------------

The standard population was defined as the entire population of Korea, based on the 2010 Population and Housing Census (PHC) available from the Korean Statistical Information Service (<http://kosis.kr>) \[[@b19-crt-2014-047]\]. The Korean Statistical Information Service of the Korean central government conducts PHC every 5 years to obtain the following information: size, distribution, and structure of the Korean population and housing stock. Most recent PHC was conducted in 2010. A detailed age distribution of the Korean population is shown in [Fig. 1](#f1-crt-2014-047){ref-type="fig"}.

For cases that occurred between 2009 and 2011, we presented the annual incidence rates per 100,000 people for each year. The incidence rates were calculated as the number of cases who had developed extremity STS divided by the whole population based on the 2010 census. The age at the earliest claim date of STS diagnosis was adopted as the patient's age. The age and sex-specific incidence rates per 100,000 inhabitants were estimated. A 95% confidence interval (CI) of the incidence rate was estimated based on the Poisson distribution. The incidence rate according to sex was also estimated. Statistical analyses were performed using the SPSS ver. 21 (IBM Co., Armonk, NY). We also presented the distribution according to the anatomical site, the referral level of the hospital where the first diagnosis of STS was claimed, and the region of the hospital.

We divided the treatments into surgical and non-surgical categories, and then further subdivided these cases dependent on the administration of radiotherapy or chemotherapy.

Results
=======

From the KNCI database, a total of 1,236 patients newly diagnosed with extremity STS during the 3-year study period (January 2009 to December 2011) were identified. The mean incidence rate was 0.86 per 100,000 people per year (95% CI, 0.68 to 1.03). The mean incidence and incidence rates of extremity STS per 100,000 people by sex and age group are listed in [Table 1](#t1-crt-2014-047){ref-type="table"} and [Fig. 2](#f2-crt-2014-047){ref-type="fig"}. The annual incidence rates of age ≥ 80 were 4.51 (95% CI, 3.160 to 5.863) for male and 2.01 (95% CI, 1.449 to 2.563) for female (p \< 0.01).

Of the 1,236 patients who were newly diagnosed with extremity STS during the study period, 1,144 (92.6%) underwent at least one of the 3 treatment modalities: surgery, radiotherapy, or chemotherapy. The distribution of patients who underwent treatment according to year, sex, age, and anatomical site is presented in [Table 2](#t2-crt-2014-047){ref-type="table"} and [Fig. 3](#f3-crt-2014-047){ref-type="fig"}.

The treatment patterns, including treatment modality, the distribution of hospitals (where the first diagnostic code of extremity STS was claimed), and the regional distribution of those hospitals, are listed in [Table 3](#t3-crt-2014-047){ref-type="table"}. Overall, approximately 85% of patients underwent surgical excision.

Discussion
==========

Because of its rarity and heterogeneity, a large population-based database is needed to estimate the nationwide incidence of STS \[[@b4-crt-2014-047]-[@b9-crt-2014-047]\]. There have been several previous epidemiological studies on the incidence of STS, but most of them were conducted in Western countries and targeted STS of the whole body. This is the first nationwide study of the incidence and treatment pattern of extremity STS in Korea using two national databases, which together include the entire Korean population. This study could serve as the backbone for future clinical trials and nationwide strategy planning for STS.

Most previous studies used either cancer registries \[[@b4-crt-2014-047]\] or databases covering some portion of the whole population \[[@b5-crt-2014-047]\]. We used two nationwide databases that include the whole Korean population, but were based on different systems, one of which was a registry-based system and the other a claim-based system. Each system has its associated advantages and disadvantages. The KNCI database, based on a cancer registry system, contains only patients with a confirmed diagnosis of STS, and thus has a high diagnostic accuracy, but it cannot provide detailed information regarding the treatment because only the diagnostic codes and basic demographics are registered. In comparison, the HIRA database may lack diagnostic accuracy because it is based on the claim system for insurance from each physician; the diagnosis of a specific disease is also claimed if an examination has been performed due to disease suspicion without diagnosis. However, this claim system can provide detailed treatment information when the treatment is highly specific for a disease, such as cancer. Furthermore, as all Korean residents receive a unique identification number that is used in both databases, each database can be used to obtain specific patient data without duplications or omissions.

There are some considerations when interpreting the results of this study. First, we obtained the total number of newly diagnosed extremity STS cases from the KNCI database and the treatment patterns from the HIRA database. This separate acquisition of data from the two independent databases warrants caution when interpreting the results of this study. Therefore, there could be differences in patients included for any given year between the databases; some patients who underwent diagnostic tests because STS was suspected close to the end of year had their claims entered to HIRA in that year but entered to KNCI in the following year if confirmative biopsies were performed then. However, such difference would not affect the main result because it is likely to represent a relatively small number of cases, and we analyzed combined patient data over a 3-year period. Second, amputation is not included as a procedure for STS. This is because most orthopedic oncologists do not perform limb amputation as the initial surgical treatment. Even in cases where amputation was the only surgical procedure for STS, the reimbursement claim usually combines it under the category of "removal of malignant soft tissue tumor (N0232)." Furthermore, categorizing amputation as a procedure for STS could result in overestimation of the number of cases, as patients with late complications, such as infection or trauma several years after treatment, could be included as new cases. Third, we could not assess specific information, such as the presence of metastasis, histological grade of the tumor, or specific diagnosis of each patient, and any of these factors may have affected the treatment modality. Therefore, we only present the current treatment patterns without an explanation or even speculation on the exact reasons for such patterns. Fourth, the results of this study may not represent the official national data of Korea, as the study was performed based on the data requested by researchers from a single institution.

In our study, the mean incidence rate of extremity STS in the Korean population was found to be approximately 0.9 per 100,000 people annually. As many as 1.85 new cases of extremity STS of the trunk wall per 100,000 people per year were previously reported in Finland \[[@b20-crt-2014-047]\]. Furthermore, although not specifically for extremity STS, many previous studies reported an incidence of 1.8-5.0 per 100,000 people per year of whole body STS \[[@b4-crt-2014-047]-[@b9-crt-2014-047]\]. Given that extremity STS occurs in approximately 50%-60% of whole body STSs \[[@b10-crt-2014-047],[@b21-crt-2014-047],[@b22-crt-2014-047]\], its incidence in the Korean population is one of the lowest reported. This may be explained by different inclusion criteria adopted by different studies. For example, the incidence of STS between 1984 and 2004 in Austria was 2.4 per 100,000 persons per year, with a total of 5,333 cases \[[@b9-crt-2014-047]\]. However, when the same criteria used for diagnostic code C45-C49 (mesothelial and soft tissue) in our study were applied, there were only 3,312 cases of whole body STS, and the incidence rate was reduced to approximately 1.5 per 100,000 persons per year. Given that it still included cases of STS in other parts of the body, it can be inferred that the incidence rate of extremity STS would be 0.8-0.9 cases per 100,000 persons per year, which is almost the same as that observed in our study. Furthermore, unlike our study, many other studies included Kaposi's sarcoma as a target disease \[[@b5-crt-2014-047],[@b6-crt-2014-047]\]. The increasing incidence of immunodeficiency-related Kaposi's sarcoma could also partly explain the differences in the rates of STS. Additionally, the ethnic differences between the populations of different countries may also contribute to the observed differences in the incidence of STS. Finally, the different age distributions of populations could additionally contribute to the differences in the incidence of this malignancy. As shown in [Fig. 1](#f1-crt-2014-047){ref-type="fig"}, relatively few Koreans are aged \> 50 years. As the incidence of STS tends to increase with age ([Fig. 2](#f2-crt-2014-047){ref-type="fig"}), the relatively young population in Korea might contribute to the low incidence of STS. However, the proportion of elders in Korea is expected to increase rapidly \[[@b23-crt-2014-047]\]. If this is true, as the population grows older, the incidence of STS is likely to increase in the future due to its higher incidence rate in older people. Although its incidence is lower than that of other cancer types, the changes in the incidence of extremity STS should be carefully monitored because of the high mortality associated with this disease \[[@b2-crt-2014-047],[@b3-crt-2014-047]\].

Of the extremity STS patients, approximately 93% underwent treatments. There was a minor tendency for older people to not receive treatment, with patients aged 70-89 years least likely to receive treatment ([Table 3](#t3-crt-2014-047){ref-type="table"}). Among patients who were treated for extremity STS, this usually involved surgical excision in approximately 85% of cases. According to one hospital-based study, only 6% of STS patients did not undergo surgery \[[@b24-crt-2014-047]\], but a greater proportion of patients (15%) did not undergo surgical excision in our study; overall 26% and 28% of patients in our study received chemotherapy and radiotherapy, respectively. This is rather higher than the results reported in a previous study \[[@b24-crt-2014-047]\], and it is unclear whether these differences reflect the fact that the previous study was hospital-based, while ours was population-based, or whether it actually reflects the differences in treatment patterns between countries.

Some demographic characteristics, such as sex, also varied among different countries and studies \[[@b4-crt-2014-047],[@b6-crt-2014-047],[@b7-crt-2014-047]\]. On contrary to many other studies \[[@b4-crt-2014-047],[@b5-crt-2014-047],[@b9-crt-2014-047]\], our study, together with many previous studies, found that STS was more common in men \[[@b7-crt-2014-047],[@b8-crt-2014-047]\]. Most previous studies in Korea regarding STS also found that men had STS more frequently, although none of these were population-based \[[@b25-crt-2014-047]\]. Overall, no clear tendency with respect to sex bias in STS development can be discerned.

Approximately 75%-85% of STSs are reported in adults \[[@b5-crt-2014-047]\]. In our study, only 7.0% (87 of 1,236) of cases involved patients aged \< 20 years. We noted a continuously increasing incidence of STS with age, especially among men ([Fig. 2](#f2-crt-2014-047){ref-type="fig"}). The highest incidence was found in both sexes between aged 80 and 89 years, but the incidence increased consistently with increasing age among men. The overall incidence in older people mainly depends on the incidence in female patients because there are many more women than men in this age group.

Conclusion
==========

The annual incidence rate of extremity STS in the Korean population is approximately 0.9 per 100,000 people, with relatively more men affected than women, and this rate could increase as the population continues to age. The differences between sexes increased with age, and were especially apparent in patients aged \> 80 years. Approximately 93% of STS patients received treatment, of whom 85% underwent surgical excision. This is the first nationwide study of the incidence and treatment patterns of extremity STS in Korea using two national databases that include the whole population (KNCI and HIRA). The results of this study might be useful for planning future national STS management.
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![The age distribution of the Korean population based on the 2010 census from the Korean Statistical Information Service \[[@b19-crt-2014-047]\]. Notably, there were relatively few individuals aged ≥ 50 years.](crt-2014-047f1){#f1-crt-2014-047}

![The mean incidence and incidence rates of extremity soft tissue sarcoma per 100,000 people by sex and age group.](crt-2014-047f2){#f2-crt-2014-047}

![Total incidence of extremity soft tissue sarcoma (STS) (blue line) and the number of patients who underwent treatment (green line).](crt-2014-047f3){#f3-crt-2014-047}

###### 

The incidence and incidence rate of extremity STS per 100,000 people by sex and age group in South Korea (2009-2011)

  Age (yr)   No. of patients (2009-2011)   Population (2010)^[a)](#tfn1-crt-2014-047){ref-type="table-fn"}^   Annual incidence rates^[b)](#tfn2-crt-2014-047){ref-type="table-fn"}^                                                        
  ---------- ----------------------------- ------------------------------------------------------------------ ----------------------------------------------------------------------- ------------ ------------ ------------ ------ ------ ------
  0-9        20                            9                                                                  11                                                                      4,613,747    2,385,514    2,228,233    0.14   0.13   0.16
  10-19      67                            40                                                                 27                                                                      6,611,640    3,481,143    3,130,497    0.34   0.38   0.29
  20-29      100                           62                                                                 38                                                                      6,594,369    3,428,176    3,166,193    0.51   0.60   0.40
  30-39      138                           77                                                                 61                                                                      7,794,495    3,926,630    3,867,865    0.59   0.65   0.53
  40-49      195                           94                                                                 101                                                                     8,204,781    4,116,072    4,088,709    0.79   0.76   0.82
  50-59      239                           135                                                                104                                                                     6,564,826    3,248,720    3,316,106    1.21   1.39   1.05
  60-69      218                           120                                                                98                                                                      3,994,404    1,890,277    2,104,127    1.82   2.12   1.55
  70-79      180                           88                                                                 92                                                                      2,650,381    1,083,620    1,566,761    2.26   2.71   1.96
  80-89      74                            34                                                                 40                                                                      866,675      260,126      606,549      2.85   4.36   2.2
  ≥ 90       5                             4                                                                  1                                                                       95,443       20,618       74,825       1.75   6.47   0.45
  Total      1,236                         663                                                                573                                                                     47,990,761   23,840,896   24,149,865   0.86   0.93   0.79

Population of Korea was based on the 2010 census from the Korean Statistical Information Service \[[@b19-crt-2014-047]\],

Incidence of extremity soft tissue sarcoma (STS) per 100,000 people per year.

###### 

The proportions of patients who were treated according to the year, sex, age, and anatomical site

  Variable                      Total                    Patients who underwent treatment   Patients who underwent treatment (%)
  ----------------------------- ------------------------ ---------------------------------- --------------------------------------
  Incidence (No. of patients)                                                               
   2009                         392                      376                                95.9
   2010                         393                      393                                100
   2011                         451                      375                                83.1
   2009-2011                    1,236 (average, 412.0)   1,144 (average, 381.3)             92.6
  Sex                                                                                       
   Male                         663 (53.6)               624 (54.5)                         94.1
   Female                       573 (46.4)               520 (45.5)                         90.8
  Age (yr)                                                                                  
   0-9                          20                       20                                 100
   10-19                        67                       67                                 100
   20-29                        100                      88                                 88.0
   30-39                        138                      129                                93.5
   40-49                        195                      180                                92.3
   50-59                        239                      235                                98.3
   60-69                        218                      198                                90.8
   70-79                        180                      158                                87.8
   80-89                        74                       64                                 86.5
   ≥90                          5                        5                                  100
  Anatomical site                                                                           
   Upper extremity              319 (25.8)               309 (27.0)                         96.9
   Lower extremity              917 (74.2)               835 (73.0)                         91.1

Values are presented as number (%) unless otherwise indicated.

###### 

Treatment patterns for patients with extremity soft tissue sarcoma in 2009-2012

  Characteristic           No. of patients (%)
  ------------------------ ---------------------
  Treatment modality       
   With surgery            969 (84.7)
    Surgery alone          664 (58.0)
    Surgery and RT         126 (11.0)
    Surgery and CTx        85 (7.4)
    Surgery, RT, and CTx   94 (8.2)
   Without surgery         175 (15.3)
    RT only                59 (5.2)
    CTx only               76 (6.4)
    RT and CTx             43 (3.8)
  Hospital distribution    
   Tertiary hospital       776 (67.8)
   General hospital        306 (26.7)
   Hospital                18 (1.6)
   Clinic                  44 (3.8)
  Regional distribution    
   Seoul                   563 (49.2)
   Busan                   143 (12.5)
   Gyeonggi-do             112 (9.8)
   Daegu                   89 (7.8)
   Gwangju                 50 (4.4)
   Jeollabuk-do            43 (3.8)
   Others                  144 (12.6)

RT, radiation therapy; CTx, chemotherapy.
